Objectives: In Pakistan, the reports on benzene exposure among workers in chemical industries are almost non-existing due to limited research work in the field of exposure science. This study aimed to investigate such exposure in a widely adopted occupation in Rawalpindi city. Material and Methods: In this cross-sectional study, 60 blood samples (N = 20/group) of mechanics (MCs), spray painters (PNs) and control participants (CN) were analyzed. The socio-economic and demographic information of workers and that of workplaces was documented using a short questionnaire. Results: We identified that the workers in spray-painting occupation are highly at risk of benzene exposure. The results showed that PNs were more at risk of exposure to benzene than MCs, and this exposure was significantly correlated with long working hours (r = 0.68, p < 0.001). Moreover, there are several limitations in workplace setups, which need to be addressed in order to mitigate workers health risk in this occupation. In addition to the reckless use of chemicals, other identified predictors of exposure included active and passive smoking, poor workplace hygiene and substandard ventilation. Conclusions: To mitigate workplace exposure, it is necessary to reduce wor king hours and encourage regular use of self-protective equipments and adoption of proper hygiene in chemical workplaces.
INTRODUCTION
Automobile manufacturing, repair stations, spray painting and other related workplaces are examples of automobilerelated occupations in Pakistan where workers face exposure to organic solvents to a great extent [1] [2] [3] . Among many environmental sources, benzene mostly arises from fuel vapors and gasoline which are used for degreasing and diluents at automobile mechanic work areas [4] . It is also present in the tobacco smoke. Petroleum comprises of 1-4% benzene as a component. Occupationally, benzene exposure occurs in workplaces like refineries, garages, and paint manufacturing. Petrol stations are a cause of exposure and resulting cancer risk for the general population [5] , and excessive risk of hematopoietic diseases in other subjects [6] . Benzene is a common component of petroleum products, and a known carcinogen. Workers involved in transportation of petroleum are known to bear high load of benzene in their biological fluids [7] . It is also reported that there exists a risk greater by 70% of leukemia for workers when they are exposed to 3.195 mg/m 3 benzene (based on molecular weight of benzene, i.e., 78.11 g/mole) for 40 years. The allowable airborne level is 0.1 mg/m 3 as recommended by NIOSH and ACGIH [8] .
or 'poor' following pre-set criteria assigned to workplace floors, ceilings, walls and overall contamination at work areas. Evaluation of workplace criteria included an assessment of general maintenance and chemical handling, evidence of spills or residues, presence of exhaust facilities and overall conditions of walls, ceilings and floors, and air circulation across the work areas, all of which were recorded through the questionnaire as numerical rankings. The floors heavily contaminated with chemical residue and other debris were given the lowest rank (poor). Middle and highest ranks were given to those areas which were kept free of chemicals, to a great extent, and were maintained properly, i.e., there were separate working and storage areas with distinguished chemical disposal areas. Workplace furniture, walls and ceilings were ranked using similar criteria. The workers' use of self-protective equipments, like gloves, masks, respirators, etc. as self-safety protocol, was also recorded. Blood sampling was performed in a separate, least contaminated spot of the workplace.
Sampling strategy
Sampling sites were divided into control and exposed areas, from where 60 blood samples from 3 groups, (N = 20 from each group, i.e., mechanics -MCs, spray painters -PNs and control participants -CNs) were collected. Control subjects were selected from persons with non-chemical occupations, who work indoors for similar hours, but in workplace conditions that are relatively free of chemicals. All the blood samples were taken during regular work hours. Sterile syringes, vacutanors, disposable gloves, alcoholic swabs and safety bandages were used every time to ensure safety and minimize sampling errors and chances of contaminations. From each participant, 3-4 ml of blood was taken from the antecubital vein and was immediately transferred into vacutanors. All the samples were immediately transferred to the analytical laboratory for further processing and storage.
According to Kalnas and Teitelbaum [8] , workplace hygiene is an important determinant of exposure. In workplaces, mere cleaning is not enough, but it requires that furniture, seating and resting places should also be thoroughly cleaned. Similarly, the surfaces of floors, walls and ceiling must be kept free from residues and waste storage receptacle must be used as a routine to improve the hygiene in workplaces. A recent study by the Health and Safety Executive [9] showed that shipyard painters were exposed to ethyl benzene and xylene, and that skin absorption was the dominant route of exposure among spray painters (PNs). Occupational surveillance and risk analysis for specific job responsibilities has enormous potential in risk identification and prevention of chemical exposure. In this context, studies have used demographic characteristics [10] , because features like age, gender, body mass index (BMI), smoking status, consumption of contaminated food are important determinants of exposure surveillance. In the current study, the main focus was to evaluate the exposure to benzene among automotive workshop mechanics. It was also intended to identify the workplace and environmental predictors which could be considered potential risk factors for the health of the studied cohort.
MATERIAL AND METHODS

Socio-demographic data
In this study, frequent visits were made to the workplaces for blood sampling and visual monitoring [11] . Blood sampling and the acquisition of questionnaire data were performed on the same day and in the same place. The subjects were selected from the slums areas and main market areas of Rawalpindi city. A multiple choice questionnaire was used to gain information on the socio-demographic status of workers and workplace environmental hygiene conditions. The workplace hygiene was ranked as 'good,' 'satisfactory' IJOMEH 2014;27(5) 832 analyses. An α-level of p < 0.05 was considered as statistically significant. The principal component analysis (PCA) was conducted several times with a varimax rotation. The adequacy of sample sizes and the suitability of data for PCA analysis were evaluated, the correlations between items were also sufficient and large enough for PCA application (i.e., KMO = 0.76, Bartlett's test of spheri ci ty Chi 2 = 158.69, p < 0.001). Tabulation, correlation and graphical representation were carried out in Microsoft Excel spreadsheets, whereas other statistical analyses were performed using SPSS version 13.
Ethics
Only those subjects were recruited that were willing to participate and that were clearly informed about the purpose of investigations and expected outcomes. All subjects singed the questionnaire as their written consent. Sampling and logistic support for this research was granted by the ethical review committee of the University in collaboration with the Volunteer's Social Welfare Organization (VSWO) (registered under Social Welfare Act, 1961, Pakistan).
RESULTS
Socio-economic and demographic characteristics of respondents
The socio-demographic features of participants, i.e., MCs and PNs and the CNs group are summarized in Table 1 . Spray painters had the lowest level of education and income (p < 0.001) in comparison with the CNs group (p < 0.001) ( Table 1 ). No significant difference in age, height, and weight was observed among the 3 groups. During samples collection it was observed that none of the workers in the exposed groups (MCs and PNs) was equipped with any kind of self protective equipment. Among all the areas visited during the survey, only 10% had satisfactory hygiene, whereas 90% places were under Blood benzene analysis and quality control parameters All the steps of the extraction were standardized, with making every possible effort to avoid contamination and to observe good laboratory practices. Samples standard concentrations were prepared and analyzed according to a previously reported method [12] [13] [14] . Calibration standards were prepared by serial dilutions in acetonitrile, from the stock. The prepared standards (100 μg×ml -1 )
were run a number of times; and the signal-to-noise ratio (S/N) method was used to determine the limit of detection (LOD, i.e., 0.003 μg×ml
) with an average R 2 = 0.99. The method included 5-6 procedural blanks runs following the same number of standard samples runs to get the average value of baseline noise and the standard, respectively. The baseline was stabilized and a blank was run every time prior to the analysis. The method performance was evaluated by multiple analyses of control blood samples previously spiked with a standard containing the known concentration of benzene.
The control blood samples were spiked with known concentrations of the standard, and kept overnight for homogenization. The recovery efficiency of benzene ranged between 86 and 102.6%, with a relative standard deviation (RSD) of ±16. A 5-point calibration curve was drawn for quantification, and benzene in the samples was identified on the basis of respective retention times quantified on the basis of respective peak areas and expressed as mg×l -1 .
Statistical analysis
Categorical variables were analyzed using the Chi 2 test to observe the group-wise differences in socio-economic and demographic characteristics. Concentration of benzene in blood of different groups was compared by employing an independent sample t-test, while the associations between long-transformed laboratory data and questionnaire data (i.e., smoking status, work hours, etc.) were analyzed using the Pearson and Spearman correlation IJOMEH 2014;27(5) 833 of blood benzene concentration showed significantly higher concentrations in blood samples of PNs than CNs (p < 0.001) (median: 0.28 and 0.05 mg×l -1 , respectively).
poor hygiene conditions ( Table 1 ). The ventilation in the workplaces was generally poor, i.e., the quality of the exhaust systems was not very good. The comparative analysis Figure 2 ).
DISCUSSION
In developing countries, there are many chemical products still being used despite their well known adverse health outcomes. This study addressed benzene exposure among individuals as an indicator of health risk factors in occupational ambience. Since benzene exposure is considered one of the possible causes of morbidities among automobile workers including PNs [15] , our investigation primar ily focused on behavioral aspects of workers and conditions in the workplace that may increase chances of exposure and can be used to predict future health risks. Our results showed that workers in automotive repair spray-painting occupations generally have reckless behavior towards the usage of chemicals, because they have nominal education. We observed significantly higher blood benzene levels in automobile PNs than CNs (Table 1) , which is attributable to skin absorption due to lack of practicing self-safety protocol and this fact is convincing because there can be sig nificant absorption of benzene through skin, which depends upon the exposed skin area and the time of exposure. A strong correlation pertaining to our log-transformed data for blood benzene concentration in SMs helped us to identify smoking as the most apparent confounding factor among exposed groups. According to Weisel [16] , inhalation exposures as well as benzene penetration through skin are most prominent routes of benzene exposure. It is also important to note that most of the painting tasks are preformed adjacent to the mechanical workstations; PNs were thus more exposed to organic solvents. In addition to the skin absorption of benzene, the occlusion, i.e., the trapping of the liquid between skin and clothing of the workers, may reduce the evaporation of trapped liquids and thus also facilitates the skin absorption. Such
The blood benzene levels were higher in PNs as compared to the MCs (i.e., 0.86 and 0.51 mg×l -1 , respectively), but the difference was non-significant. When the data were split into smokers (SMs) and nonsmokers (nSMs), we observed significantly higher benzene levels among SMs than nSMs in all 3 groups (p = < 0.001, 0.03, and 0.14 for PNs, MCs and CNs, respectively). Log-transformed results of blood benzene showed a positive correlation between the blood benzene level and the work experience of exposed subjects (r = 0.62), a similar association of blood benzene was observed with workplace hygiene (r = 0.38), poor ventilation (r = 0.43), working hours (r = 0.68), smoking habit (r = 0.49), and BMI (r = 0.51) (Figure 1 ). To identify significant predictors of blood benzene concentration, variables were entered into stepwise linear regression analysis, which showed daily work hours as a significant predictor (adjusted R 2 = 0.23, 95% CI: 0.12-0.33). To reduce the dimensionality of data, PCA was used, which revealed 2 components collectively accounting for 65.6% of the data variability. Both components had initial eigenvalues over Kaiser's criterion (i.e., > 1) and hence provide sufficient support to use this approach for analyzing occupational characteristics ( Table 2 ). The classification of principal components identifies 2 groups in the loading and petroleum exposure, smoking also enhances the risk of exposure [16] . Environmental exposure to benzene is also a cause of concern to local community. According to our findings, blood benzene levels were much lower in nSMs among the CNs group than SMs. Smoking may therefore be a significant direct cause of exposure to benzene and studies have shown that SMs retained more blood benzene; consequent blood-air association is also threatening to the general population [15] .
As mentioned earlier, the workplace parameters are worth monitoring as many cases of exposure are related with workplace ambience. For instance poor ventilation, which may be defined as a low level of exhaust system or no exhaust system at all, and relying merely upon natural ventilation [18] can enhance exposure significantly.
A good source of ventilation in the workplace can thus ensure lower exposure to organic solvents. In our study, several deficiencies were observed in the ventilation system in workplaces, and we also noticed that most of the visited painting sites were either adjacent to or within auto-repair stations, which possibly enhanced exposure to inhalable aerosol, although most of spray painting is carried out by keeping the minimal contact of the body parts with the cars. However, the level of airborne chemicals always remains high during the whole phase of a painting shift. A positive correlation (r = 0.42) of our log-transformed data ( Figure 1 ) with poor ventilation status gives us a clear association of the aforementioned scenario and a picture of expected future risk. The lack of awareness among workers concerning the proper handling of chemicals coupled with poor ventilation in the workplaces increased the chances of benzene body burden manifold. The benzene concentration (and that of some other aromatic compounds) is more likely to get increased in blood of spray PNs, which seems apparent from our analysis. The cluster of items regarding component 1 of PCA represents a definite role of poor workplace ambience in terms of substandard hygiene in association with prolonged work absorption is directly proportional to the concentration of substances on the skin. Manufacturing areas and service sectors, like PNs, degreasers, are those fields where the likelihood of dermal exposure is greater [17] . Apart from these facts, we also analyzed the contribution of environmental determinants on which not much information is available in the previous literature; therefore we discussed these factors in detail ( Figure 3) . Our results are also confounded by smoking behavior of workers, because it is well known that apart from gasoline PC -principle component.
Fig. 2. Loading plot for blood benzene and occupational characteristics
Abbreviations as in Table 1 . In addition to this, workplaces should have enough space for adequate seating and free movement of workers and also for their swift reaction in case of emergency [9] . A difference between the exposed and un-exposed groups revealed a strong correlation of blood benzene levels with daily working hours and work experience (log-transformed data, r = 0.68 and r = 0.62, respectively). The stepwise logistic regression analysis showed that every hour spent in such exposed sites significantly predicts the blood benzene level, and contributed to 0.23 units blood benzene concentration during each working hour while keeping other factors constant (Table 3) . According to Wan et al. [20] , BMI and the duration of exposure are among those factors which may impact the prognosis of chronic benzene poisoning in genetically susceptible persons. Lin et al. [21] found in his study that the blood-air association with benzene and other related derivatives are influenced by smoking, age and also by BMI. Therefore, this study shows that the blood level of xenobiotics is influenced by a number of factors related with the occupational environment.
CONCLUSIONS
This study highlights the issue of benzene exposure in Pakistan for the 1st time, concluding that exposure of PNs to benzene is highly influenced by the workplace ambience and the lack of hazard awareness and risk perception by hours and smoking as probable causes of rising blood benzene concentration of workers. The prevailing risk factors identified in PCA demand proper ventilation in workplaces as immediate intervention. In this context, the presence of open windows could prove substantially useful and this could be further improved by mechanical exhaust systems [8] . According to the Environmental Protection Agency [19] , chemicals like benzene at painting booths should be monitored for keeping exposure within minimum limits. In this study, we found no rules and regulations regarding workers' safety being practiced at all sites visited. In addition, poor ventilation further aggravated the working conditions to a much lower level than standard hygiene environment. Our results showed that workplace hygiene is worth relating with the extent of exposure, as chemical residues that settle down or spills directly into workplace surroundings smear floor and furniture, etc., and if no proper maintenance is done to restore hygiene and tidiness in the workplace, it will become a long-term source of exposure. Low level air circulations contribute to humid ambience, and thus the airborne ratio of contaminants may get heavily increased. According to the Health and Safety Executive [9] , workplace hygiene is an important determinant of exposure. Not only the overall workplace cleanliness, but that of workplace furniture should also be properly maintained. Similarly, the surface of floors, walls and ceilings must be kept free from residues and waste by proper maintenance. The use of waste storage receptacle must also be kept in practice in workplaces, since it helps in improving the hygiene in the workplace [9] . Our visited workplaces had worse conditions regarding workplace hygiene. The present results reveal a potential higher exposure from ambient environment, as they showed overall poor hygiene (being worse at the painting sites) with higher levels of chemical residues in the surroundings. The results also showed a positive correlation of blood benzene levels with the prevalence of poor hygiene in the workplace (r = 0.38).
workers in the workplaces. Due to poor air circulation in the workplace surroundings, and no use of self-protecting equipment on the part of the workers, the exposure risk via dermal and inhalation routes remains high. In addition, the exposure to chemicals like benzene and lead is enhanced by active and/or passive smoking. In countries like Pakistan, there is a dire need to create awareness among workers regarding the hazards associated with smoking in such workplaces and to ensure that the workers are well equipped with self-protecting equipments, especially in chemicals-influenced workplaces.
